Abstract. In this contribution, we discuss a total cross-section model which can be applied to both photon and purely hadronic processes. We find that the model can reproduce photo-production cross-sections, as well as extrapolation of γ * p processes to γ p using Vector Meson Dominance models, with minimal modifications from the proton case.
INTRODUCTION
All total cross-sections are seen to rise asymptotically [1] . For all processes, the rise starts in the region √ s ≈ 10 ÷ 50 GeV . It has long been advocated that the rise is due to the onset of perturbative parton-parton collisions [2] and a large amount of modelling has been developed to describe the energy dependence of the total cross-section. A compilation of total cross-section data [3] from purely hadronic processes [1, 4] together with the available ones from photon processes [5, 6, 7] shows that while photoproduction data could accomodate a rise similar to the pure hadronic processes, this may not be so for purely photon processes. Indeed we have shown this not to be true for the case of γγ scattering [8] .
If one ignores the limits imposed by the Froissart-Martin bound, namely σ total ≤ C log 2 s, a phenomenologically successful model for the energy behaviour of total crosssections for different processes is given by the expression proposed in [9] , namely
with ε ≈ 0.08 ÷ 0.09. The above equation however implies that all the cross-sections should have the same power law behaviour.
In order to develop a model which might go beyond the low energy description, we notice that the range of energy of total cross-section measurements can be divided into four different regions:
• the resonance region which depends on the quantum numbers of the s-channel process • the Regge region, where analiticity, crossing and unitarity predict an energy behaviour with a decreasing power law, i.e. σ total ≃ s −η , and η ≈ 0.5 and whose details depend on the quantum numbers of the t-channel process • a region with the onset of the rise and where σ total starts rapidly to grow, possibly with a power law type behaviour • the truly asymptotic region where the cross-section should obey the MartinFroissart bound.
The first two regions are related in their energy behaviour through Finite Energy Sum Rules (FESR) [10] , while the last two are dominated by the dynamics of perturbative QCD processes. In the model we have developed [11] and which shall be described in this contribution, we focus on the high energy (rising) part, and describe the rise by perturbative gluon-gluon scattering, with saturation effects, which lead to a satisfaction of the Froissart bound due to soft gluon emission. According to our model, infact, resummation of gluons in the infrared region is the major origin of the transformation of the rise from a power law to a log s or log 2 s type behaviour.
THE BLOCH-NORDSIECK MODEL FOR THE TOTAL CROSS-SECTION
We work in the eikonal representation, for which
with P AB had = 1 for purely proton processes, otherwise related to the probability that a photon behaves like a hadron, for which a matter distribution is expected. We use P γγ had = [P γ had ] 2 and put P γ had ≡ P had = 1/240 from Vector Meson Dominance. In Eq. 2 the real part of the eikonal function has been approximated to zero, and the imaginary part is given by the average number of inelastic collisions n(b, s). To calculate this quantity, we distinguish between collisions with an outgoing parton with p t ≥ p tmin , with p tmin in a region where perturbative QCD calculations can be used, and all other collisions, i.e. we write
and calculate n hard (b, s) from QCD, using QCD mini-jets to drive the rise. For photoproduction processes we have
with n hard including all outgoing parton processes with p t > p tmin . The parameter p tmin is a cut-off imposed on the jet cross-section, namely
where A and B are the colliding hadrons or photons, in this case A − proton, B − γ. By construction, this cross-section depends on the particular parametrization of the DGLAP evoluted parton distribution functions (PDFs). Phenomenology of the early rise in proton-proton suggests p tmin ≈ 1 GeV , and these low energy jets are called minijets. Because the jet cross-sections are calculated using actual photon densities, which themselves give the probability of finding a given quark or gluon in a photon, P had needs to be canceled out in n hard . In Eq.4 the impact parameter dependence has been factored out: this is an approximation which could be relaxed in the future. There exist many models in the literature to describe the impact parameter distribution of matter in the colliding particles, the earliest of such models based on convolution of the particles form factors. The problem with these models is the difficulty to extend them to the photon, although Vector Meson Dominance (VMD) might suggest to use a meson-like description, namely a monopole functional dependence, with an ad hoc scale. There exist also more fundamental recent studies from perturbative Reggeon calculus [12] .
The impact parameter distribution
In our model the matter distribution in two colliding hadrons or hadron-like particles (for the case of the photon in its interactions with matter) are determined by the k t distribution of soft gluons emitted in the interaction [13] . As the partons move through the field of the other colliding quarks and gluons, they are deviated from their collinear path through soft gluon emission. The Fourier transform of the resultant resummed k tdistribution gives the energy-dependent impact parameter function to enter the eikonal. We use
The function A AB BN is normalized to 1 and is obtained from the Fourier transform of the soft gluon resummed transverse momentum distribution. This impact parameter distribution is energy dependent through the function
which is defined by q max (s), the maximum transverse momentum allowed to single gluon emission, averaged over the parton-parton cross-sections, as described in [3] . To fully include in the model the very low momentum gluons, emitted in indefinite number during the interaction, we have made an ansätz as to the behaviour of the strong coupling constant α s (k 2 t ) with
with p < 1 for the soft gluon integral to converge. 
PHOTOPRODUCTION TOTAL CROSS-SECTION
We show in Fig. 1 the results of this model when applied to photoproduction data, and to a set of γ * p data from ZEUS BPC, extrapolated to Q 2 = 0 using Generalized Vector Meson Dominance [14, 15, 16] . In the figure, the upper end of the band corresponds to the model with the same parameters found to give a good fit to proton-proton and protonantiproton scattering, namely GRV densities for the proton, p tmin = 1.15 GeV , p = 0.75. The lower edge corresponds to a higher value of p tmin , as indicated. Curves for other values of the parameters and different densities for quarks and gluons are described in ref. [3] .
In conclusion, we have applied to photoproduction our QCD model, originally developed to describe total cross-sections for purely hadronic processes, obtaining a good description of existing data, with minimal changes in the model parameters.
